Dynamic Thermal Receptor Response and Comfort in Cold and Warm Environments  by Janta, Marius et al.
 Procedia Engineering  72 ( 2014 )  103 – 107 
Available online at www.sciencedirect.com
1877-7058 © 2014 Published by Elsevier Ltd. Open access under CC BY-NC-ND license. 
Selection and peer-review under responsibility of the Centre for Sports Engineering Research, Sheffield Hallam University
doi: 10.1016/j.proeng.2014.06.056 
ScienceDirect
The 2014 conference of the International Sports Engineering Association 
Dynamic Thermal Receptor Response And Comfort In 
Cold and Warm Environments 
Marius Janta*a, Jonas Prestela, Veit Sennera, Klaus Benglera,  
aSpecialty Division of Sports Equipment and Materials/Chair of Ergonomics, Technische Univerität München, Boltzmannstraße 15, 85747 
Garching 
Abstract 
Introduction Athletes are permanently exposed to or in the state of transient thermal conditions, because of their own varying 
metabolic output or environmental factors such as temperature, humidity, wind velocity and radiation. This causes thermal 
stress, discomfort and even inhibits performance. The human body constantly regulates its internal temperature receiving 
neuronal signals from thermal receptors in the skin. Both warm and cold receptors have static and dynamic responses to thermal 
transitions in the environment. The latter occurs at sudden thermal changes that lead to peak the receptors firing rate. It is well 
known how humans thermally perceive transient thermal conditions due to starting temperature, temperature gradient and the 
size of the skin surface area. Not known is their comfort response to quick environmental changes. Therefore this study 
investigates local comfort response of sudden thermal changes, whether they can improve thermal comfort and imply useful 
applications for hot or cold environments in sports. Methodology Eight healthy, male subjects were exposed to three warm and 
cold environments in standardized clothing. After 20 minutes of acclimatization nine body parts were locally treated with cool 
and warm convection to trigger peak receptor responses (“overshoot”). Local skin temperatures were measured and subjects 
were asked about their thermal comfort and perception. Results Results show highly significant global comfort improvement 
by local overshoot in both environments (p=.00 Į  01) at every body part. Furthermore results show tendencies for major 
impact on comfort of core body parts. Conclusion To sum up this research found the possibility for temporal local treatment as 
highly efficient for significant comfort improvement. For instance local heating via technical textiles can improve comfort in 
harsh skiing conditions or local cooling can do the same in extreme heat. Nonetheless further research is needed to quantify 
physiological impacts of temporal local treatments for further implications e.g. on sports performance as well as possibilities of 
technical realizations.    
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1. Introduction 
Six environmental factors distinguish the thermal environment for humans. Amongst temperature, relative 
humidity, wind speed, and radiation as external and activity and clothing as behavioral factors. Their quantity and 
physical interrelations determine whether and how heat flows within, from or to the human body (Burton, 1937; 
Pennes, 1948; Gagge, 1971; Fanger, 1970; Stolwijk, 1971; Fiala, 1998) what finally correlates with the humans` 
perception of discomfort. For athletes in changing and/or harsh conditions this can even influence performance.  
Generally the human body regulates its temperature receiving, allocating and distributing signals between 
peripheral (skin) and central (hypothalamus) thermo receptors. Two types, warm and cold, separately perceive 
thermal changes and adjust different body functions to balance the heat exchange. Hensel (1981) described their 
difference in impulse frequencies at different temperatures as well as their static and dynamic behavior (Figure 1). 
Well  known is the thermal and comfort perception for local body sections in static conditions (Figure 2) and 
adaption processes that change the detection of the same temperature (within 31°C and 36°C) over time. It is also 
known that dynamic responses depend on temperature gradients, size of the thermally treated skin surface and the 
initial temperature; not investigated is the comfort perception of sudden local temperature changes, i.e. the 
dynamic receptor response respectively and its interrelation with global comfort.  
Therefore this study looks at the local and global comfort perception in uncomfortably cold and warm 
environments which athletes frequently are exposed to. Results may imply new technical designs for different 
sports garment or new strategies in training, competition or day to day sports or support the usefulness of already 
existing technologies and habits. As well interdisciplinary approaches might be of value.  
2. Methodology 
Thirteen healthy male subjects were placed in three different rather uncomfortably cold (teff = 19°C, 20°C, 
21°C) and warm (teff = 28°C, 29°C, 30°C) conditions in an environmental chamber where relative humidity and 
wind speed was constantly set at 60 % and 0, 1 m/s. The temperatures were determined by Fanger’s Comfort 
Equation according to DIN EN ISO 7730 (Fanger, 1970). The test persons adapted for 30 minutes with no activity 
to guarantee a steady state heat exchange of the human body. 
 
Figure 1: Static and dynamic responses of cutaneous 
thermo receptors at two constant skin temperatures (static) 
and to two sudden temperature changes of skin temperature 
(dynamic), Hensel (1981).  
Figure 2: Local comfort perceptions at different static 
ambient temperatures (Nilsson, 2003).  
105 Marius Janta et al. /  Procedia Engineering  72 ( 2014 )  103 – 107 
They were fully covered (Figure 3) with standardized textile patches at 17 body parts, (head, face, neck, chest, 
stomach, upper arm, lower arm, hand, upper leg, lower leg, foot) in total an approximated insulation of 0. 77 clo (1 
clo = 0. 155 K m²/W). After acclimatization they were randomly locally treated (figure 4) at uncovered body parts 
(Figure 5). Warm or cold air streams at 1- 1. 5 m/s should temper the body parts locally to reach a sudden skin 
temperature change to trigger the dynamic receptor response. Therefore the textile coverage was necessary to 
control influences on other body regions. The temperature differences need to be between 0. 5°C and 1°C or above 
in each condition. To ensure this the skin temperatures were measured with an infrared thermometer. 
Simultaneously they were asked subjectively about their local and global thermal perception (7 point scale; -4 = 
very cold; 0 = neutral; +4 = very hot) and comfort (6 point scale; -3 = very uncomfortable; +3 = very comfortable) 
in steady state and treating situations according to DIN EN ISO 10551. Research focus is the hypothesis that local 
temperature thresholds can improve global comfort.  
3. Results 
Due to the subjectivity of comfort evaluations a rather homogeneous sample was chosen (Table 1). 
Table 1: Sample data 
 Age Activity per 
week (hours) 
Height 
(cm) 
Weight 
(kg) 
Fat 
mass(kg) 
Fat free 
mass(kg) 
Mean 25 3.5 187 81.5 10.1 69.9 
SD 4.1 2.9 4.4 5.7 2.9 2.7 
Maximum 32 8 192 94 17.2 74.6 
Minimum 22 0 180 73 6.4 65.6 
  
Activity, height and weight criteria were selected to assume a rather equal body constitution because this 
basically determines people’s metabolism and thermo dynamical interaction with the environment. Tests for 
homogeneity showed equal variances for all variables. Table 2 shows mean skin temperatures, global comfort 
during and after adaption, comfort and skin temperature differences. As expected mean skin temperature increases 
with higher ambient temperatures. On average the conditions were evaluated as slightly uncomfortable. At five of 
six ambient temperatures local cooling or heating improved the global comfort to a rather neutral sensation.  
Figure 3: Subject in adaption process with 
standardized textile patches 
Figure 4: Outlets for 
local airstream 
Figure 5: Subject locally 
uncovered and thermally 
treated 
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At most parts necessary local skin temperature thresholds in each condition were reached to trigger the dynamic 
receptor responses or were slightly below the needed value. Controversially the skin temperature even rose at the 
foot in one condition. This may be due to incomplete adaption or ambient temperatures close to in differential 
temperatures.  
 
 Table 2: Skin temperature and comfort data at different ambient temperatures.  
Ambient 
temperature 
(°C) 
Mean skin 
temperature 
(°C) 
Global comfort 
during adaption 
Global comfort 
during local 
treatment 
ǻJOREDO
comfort 
ǻORFDOVNLQ
temperature 
21 31.9 -1.46 0.14 1.6 2.15 
22 32.9 -0.24 0.66 0.9 1.52 
23 32.7 0.34 -0.24 -0.58 1.43 
32 33.6 -1.04 -0.06 0.98 -0.97 
33 34.4 -2 -0.34 1.66 -1.57 
35 35.1 -2.26 -0.64 1.62 -2.28 
Mean 33.4 -1.1 -0.08 1.03 0.05 
SD 1.07 0.92 0.41 0.78 1.71 
 
 
 
A t-Test comparing global comfort with and without local treatment is highly significant at a 1 per cent level. 
Figure 6 shows the global comfort improvements during local cooling or heating. Therefore the alternative 
hypothesis can be accepted.  Local warming at chest and upper arms was globally perceived as most comfortable 
and least at the head region. Local cooling was globally perceived most comfortable at the head least at the feet.   
The local effect of cooling and warming can be withdrawn from Table 3. All results were significant on a 5 per 
cent level.  
Table 3: Local comfort evaluation during local warming and cooling 
Airstream Head Chest Upper 
arm 
Stomach Lower 
arm 
Thigh Hand Lower 
leg 
Foot 
warm - + + + + + + + + 
cold + 0 + 0 + + + + 0 
 
In cool conditions it seems counterproductive trying to reach more comfort via head warming. Since the head 
with the hypothalamus is the control center for physiological reactions in different environments it might very 
sensitive on warm stimuli for protective reasons. Additionally chest, stomach and foot were rather insensitive to 
local comfort improvement in warm conditions. At all other parts local treatment was able to improve local 
comfort.  
4. Conclusion 
The study showed the effectiveness of local temperature thresholds to improve global thermal comfort in 
uncomfortable conditions. Furthermore it showed that this improvement was real for different body regions and 
effects (cooling or warming) and highly significant. In cold conditions heating of the body core, in warm 
conditions cooling of the head regions were most comfortable. Furthermore it also showed the ability to improve 
local comfort with local applications. Despite a rather homogeneous sample standard deviations for comfort were 
still high and varied up to 1. 7 scale points. Nonetheless the study uncovered a variety of applications in sports; 
Figure 6: Global comfort 
improvement during local 
warming (red) or cooling (blue)  
107 Marius Janta et al. /  Procedia Engineering  72 ( 2014 )  103 – 107 
either to design new products with local heating or cooling in harsh conditions, for comfort improvement or to 
optimize training schedules and competition. Especially in outdoor or endurance sports where severe conditions 
can significantly influence peoples comfort, such as skiing, long distance running and cycling. In that respect this 
effect should be investigated at higher activity levels in future. Still unknown is how of if subjective perception of 
thermal comfort can improve performance or in other words influence objective data such as body skin or core 
temperature. If so, this study might even be a basis for exercise science to use stimuli setting more efficiently.  
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